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(57)Abstract: 

PURPOSE: To effectively suppress vibration of a car 
body in the case that one wheel rides across a 
protrusion or the like. 

CONSTITUTION: A device has a pair of vibration 
detectors M1, M2 for detecting vertical vibration of a car 
body in a location corresponding to right/left front or M1 
right/left rear wheels and a vibration deciding means M3 
for deciding whether a low frequency component of the 
detected vibration exceeds a predetermined value or 
not, so that when the low frequency component of the 
vibration exceeds the predetermined value, damping 
force of shock absorbers S1, S2 of the concerned wheel 
and of the wheel in a diagonal direction relating to the 
concerned wheel is simultaneously increased, by a 
control means M4. 
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* NOTICES * 




JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] According to the run state of a vehicle, the damping force of the adjustable shock 
absorber of each ring is used as the attenuation force-control equipment which carries out 
increase and decrease of control. The oscillating detection means of the pair which detects the 
vertical vibration of the car body of the part corresponding to a right-and-left front wheel or a 
right-and-left rear wheel, An oscillating judging means to judge whether the low-frequency 
component of vibration detected by said oscillating detection means is over the predetermined 
value, Attenuation force-control equipment which has the control means which increases the 
damping force of the shock absorber of the wheel of the direction of the diagonal line to 
coincidence to a wheel and it concerned when said low-frequency component exceeds a 
predetermined value. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to an adjustable shock absorber, and relates to a 
detail further at the attenuation force-control equipment of an adjustable shock absorber. 
[0002] 

[Description of the Prior Art] As one of the attenuation force-control equipment which controls 
the damping force of adjustable shock absorbers, such as an automobile For example, the front- 
wheel oscillation detector which detects vibration of a front wheel as indicated by JP,60- 
183216A It has the rear wheel oscillation detector which detects vibration of a rear wheel, and 
the control circuit which controls a damping force based on the output signal from these 
detectors. The attenuation force-control equipment constituted so that a damping force might 
be returned to the original damping force immediately after it holds a damping force in the low 
condition and a rear wheel vibrates until a rear wheel vibrates from from immediately after a 
front wheel vibrates at least is known conventionally. 

[0003] Since according to this attenuation force-control equipment the damping force of the 
shock absorber of a rear wheel is low maintained after a front wheel overcomes a projection etc. 
Since vibration of a car body declines effectively by returning a damping force to the original 
damping force immediately after it is controlled that the impact is transmitted to a car body and 
a rear wheel overcomes a projection etc., in case a rear wheel overcomes a projection etc. The 
degree-of-comfort nature and driving stability of a vehicle in case it carries out when this 
control is not performed, and a wheel overcomes a projection etc. can be raised. 
[0004] 

[Problem(s) to be Solved by the Invention] However, vibration of a car body when the wheel of 
the method of Uichi Hidari overcomes a projection etc. Since it appears notably in the wheel of 
the direction of the diagonal line to the wheel rather than the wheel of the order opposite side, 
or the wheel of the right-and-left opposite side as shown in drawing 7 , Vibration of a car body 
when **** overcomes a projection etc. depending on the conventional attenuation force-control 
equipment like **** by which the damping force of the shock absorber of a rear wheel is 
controlled based on vibration of a front wheel cannot be controlled effectively. 
[0005] This invention aims at offering the attenuation force-control equipment of the adjustable 
shock absorber improved so that vibration of a car body when **** overcomes a projection etc. 
could be controlled in view of the problem like **** in conventional attenuation force-control 
equipment more effectively than before. 
[0006] 

[Means for Solving the Problem] According to this invention, the purpose like **** uses the 
damping force of the adjustable shock absorber of each ring as the attenuation force-control 
equipment which carries out increase and decrease of control according to the run state of a 
vehicle as shown in draw ing 1 . The oscillating detection means M1 and M2 of the pair which 
detects the vertical vibration of the car body of the part corresponding to a right-and-left front 
wheel or a right-and-left rear wheel, An oscillating judging means M3 to judge whether the low- 
frequency component of vibration detected by said oscillating detection means is over the 
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predetermined value, It is attained by the attenuation force-control equipment which has the 
control means M4 which increases the damping force of the shock absorbers S1 and S2 of the 
wheel of the direction of the diagonal line to coincidence to a wheel and it concerned when said 
low-frequency component exceeds a predetermined value. 
[0007] 

[Function] According to the configuration like ****, it is judged whether the low-frequency 
component of the vertical vibration of the car body of the part corresponding to a right-and-left 
front wheel or a right-and-left rear wheel is over the predetermined value with the oscillating 
judging means. Since the damping force of the shock absorber of the wheel of the direction of 
the diagonal line increases to coincidence to a wheel and it concerned by the control means 
when the lowHrequency component of vertical vibration exceeds a predetermined value, 
vibration of a car body when right-and-left one wheel overcomes a projection etc. declines 
effectively. 

[0008] Moreover, since according to the configuration like **** it is only the wheel of the 
direction of the diagonal line that the damping force of a shock absorber increases to 
coincidence to the wheel and it to which the low-frequency component of the vertical vibration 
of a car body exceeded the predetermined value and the damping force of the shock absorber 
corresponding to two wheels of other directions of the diagonal line does not increase, the good 
degree-of-comfort nature of a vehicle is not spoiled. 
[0009] 

[Example] This invention is explained to a detail about an example, referring to drawing of 
attachment in the following. 

[0010] The outline block diagram showing one example of attenuation force-control equipment 
according [ drawing 2 ] to this invention and drawing 3 are the block diagrams showing one 
example of the electronic control shown in drawing 2 . 

[0011] 10FR, 10floor line, 10RR, and 10RL show the shock absorber of the dampingrforce 
adjustable type prepared corresponding to forward right ring 12FR, forward left ring 12floor line, 
right rear ring 12RR, and left rear ring 12RL, respectively in drawing 2 . Although not shown in 
drawing at a detail RL has the same step motor 16FR-16RL as the step motor indicated by each 
shock-absorber 10FR - the 10 Japanese-Patent- Application-No. No. 248276 [ three to ] 
specification concerning application of the applicant same inside [ the ] piston rod 14FR-14RL 
as an applicant for this patent, and the drawing. By fluctuating the amount of valve opening of 
the attenuation force-control valve indicated by the Japanese-Patent-Application-No. No. 
248276 [ three to ] specification, and the drawing with these step motors, and the same 
attenuation force-control valve, a damping coefficient is reduced, respectively and increases. 
[0012] Step motor 16FR-16RL is controlled by the electronic control 18. The signal which shows 
the steering angle theta detected by the steering angle sensor 20 to an electronic control 18, 
the signal which shows the vehicle speed V detected by the speed sensor 22, forward right ring 
12FR detected by the acceleration sensors 24 and 26, respectively, the vertical acceleration GR 
of the car body of the part corresponding to forward left ring 12floor line, and GL The shown 
signal is inputted. 

[0013] The electronic control 18 contains the microcomputer 28 as shown in drawin g 3 . **** 
the microcomputer 28 is indicated to be to drawing 3 — you may be the thing of a general 
configuration, and it has the central-process unit (CPU) 30, a read-only memory (ROM) 32, 
random access memory (RAM) 34, input port equipment 36, and output port equipment 38, and 
these are mutually connected by the common bus 40 of bidirection. 

[0014] The vertical acceleration GR of the car body of the part corresponding to the signal 
which shows the steering angle theta to input port equipment 36, respectively from the steering 
angle sensor 20, a speed sensor 22, and acceleration sensors 24 and 26, the signal which shows 
the vehicle speed V, a forward right ring, and a forward left ring, and GL The shown signal is 
inputted. Input port equipment 36 processes suitably the signal inputted into it, and outputs the 
signal processed CPU and RAM34 according to the directions of CPU30 based on the program 
memorized by ROM32. ROM32 has memorized the control program shown in drawin g 4 . CPU30 
performs various operations and processing of a signal like the after-mentioned based on the 
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control program shown in drawing 4 . 

[0015] According to directions of CPU30, output port equipment 38 outputs a control signal to 
the step motor of each shock absorber through the drive circuits 42 and 44, respectively, and 
carries out increase and decrease of the damping coefficient of each shock absorber of control. 
In the example of illustration, the drive circuits 42 and 44 have the transistor of a pair especially, 
respectively. By inputting the control signal from output port equipment 38 into the base of 
these transistors, and controlling the electrical potential difference of the drive power source 
supplied to the step motor of each shock absorber from a power source 46 by this according to 
a control signal The damping coefficient of the shock absorber of a forward right ring and a left 
rear ring, a forward left ring, and a right rear ring is fluctuated by the damping coefficient 
respectively same to coincidence. 

[0016] Next, with reference to the flow chart shown in drawing 4 , the attenuation force control 
of the shock absorber in the example of illustration is explained. In addition, the control routine 
shown in drawing 4 is interruption routine performed for every predetermined time, and is started 
by closing of the ignition switch which is not shown in drawing. 

[0017] The vertical acceleration GR of the car body of the part corresponding to the signal 
which shows the steering angle theta first detected by the steering angle sensor 20 in step 10, 
the signal which shows the vehicle speed V detected by the speed sensor 22, the forward right 
ring detected by the acceleration sensors 24 and 26, respectively, and a forward left ring, and GL 
Read in of the shown signal is performed. In addition, at the time of actuation initiation, 
initialization of RAM44 grade is performed in advance of step 10. 

[0018] When distinction with the required attenuation force control of the shock absorber for 
controlling the roll of a car body in step 20 is performed and distinction of the purport which 
needs this control is performed, the damping coefficient of each shock absorber required to 
control the roll of a car body in step 30 calculates, and it progresses to step 210 after an 
appropriate time. 

[0019] In addition, the distinction with the required attenuation force control for the roll control 
of a car body performed in step 20 For example, the damping coefficient which it may be carried 
out by whether the vehicle speed V and the steering angle theta are in a slash field in the map 
corresponding to the graph shown in drawing 6 , and is calculated in step 30 For example, it 
increases according to increase of the absolute value of the steering angular velocity obtained 
by differentiating the steering angle theta, and it is maintained by predetermined time constant 
value from the time of the absolute value of steering angular velocity reaching maximum, and you 
may calculate so that it may return to a low damping coefficient after an appropriate time 
gradually. 

[0020] Vertical acceleration GR of the car body detected by the vertical acceleration sensors 24 
and 26 in step 40 when distinction of the purport for which the attenuation force control for roll 
control of a car body is not required was performed in step 20 And GL For example, the vertical 
acceleration GLR and GLL after low pass filter processing calculates by carrying out low pass 
filter processing by making 5Hz into a cut off frequency, in step 50 — the absolute value of the 
vertical acceleration GLR after low pass filter processing — threshold Go distinction of whether 
to have exceeded carries out — having — |GLR|>Go it is — stage flag Sr which shows the 
control process of a damping force in step 60 when distinction of a purport is performed It is set 
to 1. 

[0021] In step 70, the damping coefficient Cr of the shock absorber of a forward right ring and a 
left rear ring is deltaCi. An increment (minute forward constant) is carried out. In step 80, it is a 
damping coefficient Cr. Maximum Cu Distinction of whether to be above (forward constant) is 
performed. When distinction of the purport which is not Cr >=Cu is performed, it progresses to 
step 200 as it is. Cr >=Cu it is — distinction of a purport should carry out — being alike — in 
step 90 — damping coefficient Cr Maximum Cu it sets — having — counted value Tr of a timer 
while being reset by 0 — stage flag Sr It is set to 2 and progresses to step 200 after an 
appropriate time. 

[0022] When distinction of a no is performed in step 50, it is the stage flag Sr in step 100. When 
distinction of whether to be 1 was performed, distinction of the purport which is Sr =1 was 
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performed, it progresses to step 70 and distinction of the purport which is not Sr =1 is 
sometimes performed, it is the stage flag Sr in step 1 10. Distinction of whether to be 2 is 
performed. When distinction of the purport which is Sr =2 is performed, it is the counted value Tr 
of a timer in step 120. It is carried out deltaT increment and counted value Tr is a reference 
value Tc in step 130. Distinction of whether to be above is performed. Tr >=Tc it is not — the 
time of distinction of a purport being performed — as it is — step 200 — progressing — Tr 
>=Tc it is — the time of distinction of a purport being performed — counted value Tr of a timer 
while being reset by 0 — stage flag Sr It progresses to the back step 200 set to 3. 
[0023] When distinction of a no is performed in step 110, it is the stage flag Sr in step 150. When 
distinction of whether to be 3 is performed and distinction of the purport which is not Sr =3 is 
performed, it progresses to step 190. When distinction of the purport which is Sr =3 is 
performed, it is a damping coefficient Cr in step 1 60. deltaCd A decrement (minute forward 
constant) is carried out and it is a damping coefficient Cr in step 70. Minimum value Cb 
Distinction of whether to be the following (forward constant) is performed. Cr <=Cb it is not — 
the time of distinction of a purport being performed — as it is — step 200 — progressing — Cr 
<=Cb it is — the time of distinction of a purport being performed — in step 1 80 — stage flag Sr 
it resets to 0 — having — in step 190 — damping coefficient Cr The minimum value Cb It 
progresses to the set back step 200. 

[0024] It is the damping coefficient CI of the shock absorber of a forward left ring and a right 
rear ring by performing steps 50-190 and the same step based on the vertical acceleration GLL 
of the car body of the part corresponding to the forward left ring after low pass filter processing 
in step 200. It calculates. The control signal corresponding to the damping coefficient calculated 
[ in / step 210 ] in step 30 is outputted to the step motor of the shock absorber of each ring. Or 
damping coefficient Cr calculated in step 70 or step 160 While a corresponding control signal is 
outputted to the step motor of the shock absorber of a forward right ring and a left rear ring 
Damping coefficient CI calculated in step 200 A corresponding control signal is outputted to the 
step motor of the shock absorber of a forward left ring and a right rear ring, and, thereby, the 
damping force of each shock absorber is controlled. 

[0025] Vertical acceleration GR of the car body of the part corresponding to [ when a forward 
right ring overcomes a projection in this way, for example according to the example of 
illustration ] a forward right ring The absolute value of a lowHrequency component GLR is a 
threshold Go. If it exceeds Distinction of yes is performed in step 50 and it is the stage flag Sr in 
step 60. It is set to 1 . Steps 70 and 80 are repeatedly performed by performing distinction of yes 
in step 100, even if the absolute value of GLR turns into below a threshold by this, damping 
coefficient Cr of the shock absorber of a forward right ring and a left rear ring it is shown in 
drawing 5 — as — maximum Cu up to — a gradual increase is carried out. 

[0026] Damping coefficient Cr Maximum Cu If it becomes above, it is a damping coefficient Cr in 
step 90. Cu While being set, it is the stage flag Sr. No, it is set to 2, and distinction of yes is 
performed and the count of a timer is performed [ in / steps 100 and 110] in step 120, 
respectively. Damping coefficient Cr Maximum Cu It is time amount Tc from the time of being 
set. It is a damping coefficient Cr until it passes. Cu It is maintained by constant value. 
[0027] time amount Tc if it passes, distinction of yes will carry out in step 1 30 — having — in 
step 140 — stage flag Sr it is set to 3, distinction of yes is performed in step 150, and step 160 
is performed repeatedly — a damping coefficient Cr — the minimum value Cb up to — it falls 
gradually. 

[0028] Therefore, a gradual increase is carried out according to the trapezoid pattern with which 
the damping coefficient of the shock absorber of the left rear ring located in the direction of the 
diagonal line to a forward right ring and this if a forward right ring overcomes a projection was 
shown in drawing 5 , and it is Maximum Cu. Time amount Tc It is maintained and is the minimum 
value Cb after an appropriate time. Since it falls gradually, vibration of the car body resulting 
from projection riding past can be attenuated effectively. 

[0029] Moreover, since the damping coefficient of the shock absorber of a forward left ring and a 
right rear ring does not increase in this case but it is maintained by the value as it is, the 
degree-of-comfort nature of a vehicle can be raised as compared with the case where the 
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damping coefficient of the ^^^k absorber of all rings increases. For example, since the damping 
coefficient of the shock absorber at the time of a right rear ring overcoming a projection is low 
although vibration of a car body declines effectively like **** when the damping coefficient of 
the shock absorber of a forward right ring and a left rear ring increases when a forward right ring 
overcomes a projection at the time of rectilinear-propagation transit of a vehicle, the impact at 
the time of a right rear ring overcoming a projection is eased good, and the good degree-of- 
comfort nature of a vehicle is secured. 

[0030] Moreover, vertical acceleration GL of the car body of the part corresponding to a forward 
left ring if vibration of a car body arises when a right rear ring overcomes a projection Damping 
coefficient CI in based step 200 The damping coefficient of the shock absorber of a forward left 
ring and a right rear ring is controlled by the operation by the trapezoid pattern of drawing 5 , 
and vibration of a car body declines effectively. 

[0031] In addition, although control of the damping coefficient for posture change control of a 
car body is performed only about the roll of a car body, it may be carried out about the roll of a 
car body, and both of a pitch, and the operation of the damping coefficient for posture change 
control of a car body may be performed [ in / an above-mentioned example ] between step 200 
and step 210 in the flow chart of drawing_4 . 

[0032] Moreover, in an above-mentioned example, it is a damping coefficient Cr. Time amount Tc 
maintained to the constant value of Maximum Cu Although it is fixed, an adjustable setup may be 
carried out so that it may become so long that the maximum of the absolute value of the vehicle 
speed or the vertical acceleration of a car body is high, for example. 

[0033] Furthermore, although increase and decrease of the damping coefficient of a shock 
absorber of control are substantially carried out continuously in an above-mentioned example, 
increase and decrease of the damping coefficient of control are gradually carried out on four or 
more steps of multistage stories. 

[0034] Although this invention was explained to the detail about the specific example above, 
probably this invention will not be limited to this example and it will be clear for this contractor 
its for other various examples to be possible within the limits of this invention. 
[0035] 

[Effect of the Invention] According to this invention, it is judged whether the low-frequency 
component of the vertical vibration of the car body of the part corresponding to a right-and-left 
front wheel or a right-and-left rear wheel is over the predetermined value with the oscillating 
judging means M3 so that more clearly than the above explanation. Since the damping force of 
the shock absorber of the wheel of the direction of the diagonal line increases to coincidence to 
a wheel and it concerned by the control means M4 when the low-frequency component of 
vertical vibration exceeds a predetermined value, vibration of a car body when right-and-left one 
wheel overcomes a projection etc. can be attenuated effectively. 

[0036] Moreover, it is only the wheel of the direction of the diagonal line that the damping force 
of a shock absorber increases to coincidence to the wheel and it to which the low-frequency 
component of the vertical vibration of a car body exceeded the predetermined value, and since 
the damping force of the shock absorber corresponding to two wheels of other directions of the 
diagonal line does not increase, it is certainly avoidable according to this invention, that the good 
degree-of-comfort nature of a vehicle is spoiled. 



[Translation done.] 
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